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Definition of a numerical descriptor for a quantification of the electrostatic forces in directional bonds.
Our manuscript is focused on the possibility of electromechanical response in 2D crystals of Iβ-NC. Such response is originated by the effect of an external E over the electron density of HB.
Consequently the characterization of the susceptibility of these HB to electric fields is a necessary feature that depends on the internal response of the HB´s electron cloud. However, there exists a void of knowledge related to classical approaches, in terms of structural/electrical parameters, that can be useful to characterize the behavior of the interactions within the bond region 1, 2 . Probably, this absence of theoretical tools is a consequence of that even today most of the phenomena of interest for Science can be described using existing classical approaches, e.g. the dipole model, or quantum mechanics approaches e.g. to estimate the energy and the structure of atomic systems.
We here define a numerical descriptor 3 (labelled as 't a ') in order to study the effect of external fields on the electromechanical response of bonded atoms. This descriptor accounts for the deviations of the E-field along the bond length relative to the behaviour expected for two positive point charges immersed in an uniform electron density region.
We investigate the dependence between the interatomic position (d) and the angle between E and the interatomic axis (Φ) , i.e. Φ= Φ(d). For ideal behaviours, such dependence is represented by a
Heaviside transition between 0º and 180º, in the region between the two extreme atom positions,
In the expression above 0 a is the Bohr radius and d 0 represents the point where the 0-180º step transition takes place. In our context, such d 0 -point correspond to the location where E changes the orientation relative to the two-atom bond axis. We define the dimensionless descriptor as 0 a t t a = for finite t -valued functions. This reasoning gives us the following expression for a t ,
We reported a t values after statistical treatment for a set of N points 
Understanding electrical forces in the ubiquitous water dimer
The water dimer offers a feasible and comprehensive frame to study HB [4] [5] [6] . Actually, 2•(H 2 O) is a manageable system to understand the impact of numerical approximations on final numerical outcomes and to rationalize the response of HB relative to coexistent polar CB. Fig . S1 includes the scheme of the geometry we use to perform numerical calculations. The structure is the configuration we obtain after fully relaxing the system with 6-31g (d,p) basis set and using an hybrid functional (HYB-xc) to introduce many-body electron-electron interactions within a reduced mean-field model [7] [8] [9] [10] . The HYB-xc is modelled following the methodology already developed by some of us 11 . Here, HYB-xc is defined as 80% PW91 8 and 20% Fock for exchange contributions. poles instead of a dipole model. This argument supports the claim in favour of a modified electrostatic picture for chemical bonds 12 . The use of the index introduced in (Supp. Mat. S1) for the description of
facilitates the understanding of such electrostatic features and establishes a frame to quantify the electrical feasibility of atomic bonds. Table S1 lists the values of the indexes for all the oxygen-hydrogen bonds in the water dimer.
The values are normalized to the index obtained for the archetypal HB of the water dimer. The two-orders of magnitude that differentiate CB indexes from HB index are indicative of the higher electrical inertia of the CB when comparing with HB. 
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0.025 Table S1 . Numerical results for the electric field descriptor, a t , describing O-H covalent bonds in the water dimer.
Results are normalized to the HB descriptor in the dimer. forces and its relation with the selection of the exchange-correlation potential within ab-initio models. In regards with basis sets selection we have applied an accepted reasoning in our field, we increase the basis sets size until we fix the error below a selected limit 11 .
On the Electrical Nature of HB.
The dipole model for HB or polar covalent bonds is the most common approach for treating electrostatic interactions of these bonded systems under a classic (molecular mechanics) framework. However, the consideration of X-H bonds as dipoles is limited to effects occurring at distances longer than the bond distance, otherwise such bonds must be studied under a manybodies quantum mechanics framework.
Then, here we have introduced a novel electrical description of chemical interactions, using an improved DFT approach 11 and ad-hoc developments, Supp. Mat. 1 for further details. This approach permits to derive a mean-field structural (electron density) parameter that characterizes, similar to a classical fashion, the most native electrical features of chemical bonds. This method complements the classical (molecular mechanics) view of hydrogen bonds in terms of a dipole model.
Regarding the limitations of the dipole model for HB within the bond region.
Analysis of E-projections in the main axis of the bonds ( and 4d. In dark blue colour we represent the mean value deviations when the Fock exchange is 80 % of the total exchange. It represents an upper bar to the effect of the exchange in the model outcomes. As noticed in all the cases, the errors remain below 1%. By light blue colour we represent mean value deviations when 6-311g basis set is used. Relative errors remain below 10%. This higher value corresponds with the singular points, the poles in the eq. S2. Then, such points will not affect the numerical results which accounts for a limit in this equation.
charge centers, (ii) the dependence between the angle defined by E and the bond axis (Φ) (lower panels) shows that E undergoes 180º rotations. These observations constitute evidences of the inapplicability of a dipole model for a general HB within the interaction range. A dipole model must follow a constant relationship (Φ=0/π) in analytical representations as such included in 
Interpolation method for the definition of piezoelectric coefficients
Results reported in the main manuscript for the PZ coefficients correspond with the slopes of the linear interpolations done through a set of data (E-field, strain). The selection of a linear interpolation method corresponds with the accepted assumptionlinear response regime (mechanical relaxations in the nearby of the equilibrium position and E values close to electrical threshold).
Tables S2 summarizes the interpolation results for the behaviours represented in Fig. 5a . Fig. 5a .
Bond label\ Statistical Method
As could be distinguished, the linear coefficients (estimated PZ coefficient) of both models show the same mean value which is indicative of the robustness of the prediction and the validity of the linear regime. Although the quadratic model evidently shows a better adjustment, the linear approaches are all statistically significant (note that the models' p-values are inferior to 0.05) which also supports the linear framework.
